Solid organ transplantation is limited by suitable donor organ availability and the geographic limitations that lead to prolonged ischemic times. Ex vivo organ perfusion is an evolving technology that enables assessment of organ function prior to transplantation. As a byproduct, overall out of body organ times are able to be extended. The future implications organ assessment and repair centers utilizing this technology are discussed. Solid organ transplantation is currently limited by an inadequate number of donor organs and the inability to optimally evaluate and assess those organs prior to transplantation. The lack of donor organs has led to many innovative strategies to increase the number of donor organs available for transplantation. Split organ transplantation (liver), living donor transplantation and the use of marginal or extended criteria donor organs has had a modest effect on organ availability. The organ utilization rate for many donor organ types (i.e., lung) remains low and the benefits of increasing the donor pool are not fully realized. From the initial pioneering work in kidney transplantation by Belzer [1] , successful outcomes tended to depend on short ischemic time and good organ quality. Techniques in rapid procurement, implantation and advances in organ preservation were crucial to development of the field of transplantation. Out of the pioneering work of F.O. Belzer, ex vivo kidney perfusion circuits were conceptualized and then utilized with impressive results. Alexis Carrel and Charles Lindberg had telegraphed this possibility with their prescient work in 1935 "The Culture of Organs" [2] . With current advancements in perfusion technology, molecular biology and biomedical engineering the next evolution in organ transplantation will be regional organ assessment and repair centers (ARCs) [3] . Regional organ ARCs build upon normo-thermic ex vivo organ perfusion (EVOP) technology, which in turn provides a potential platform to assess, repair and eventually modify donor organs. Currently, normo-thermic EVOP allows for assessment of organ function prior to transplantation and is largely focused clinically on lung transplantation. Normo-thermic EVOP allows for potential donor organs to have their function evaluated and
Solid organ transplantation is currently limited by an inadequate number of donor organs and the inability to optimally evaluate and assess those organs prior to transplantation. The lack of donor organs has led to many innovative strategies to increase the number of donor organs available for transplantation. Split organ transplantation (liver), living donor transplantation and the use of marginal or extended criteria donor organs has had a modest effect on organ availability. The organ utilization rate for many donor organ types (i.e., lung) remains low and the benefits of increasing the donor pool are not fully realized. From the initial pioneering work in kidney transplantation by Belzer [1] , successful outcomes tended to depend on short ischemic time and good organ quality. Techniques in rapid procurement, implantation and advances in organ preservation were crucial to development of the field of transplantation. Out of the pioneering work of F.O. Belzer, ex vivo kidney perfusion circuits were conceptualized and then utilized with impressive results. Alexis Carrel and Charles Lindberg had telegraphed this possibility with their prescient work in 1935 "The Culture of Organs" [2] . With current advancements in perfusion technology, molecular biology and biomedical engineering the next evolution in organ transplantation will be regional organ assessment and repair centers (ARCs) [3] . Regional organ ARCs build upon normo-thermic ex vivo organ perfusion (EVOP) technology, which in turn provides a potential platform to assess, repair and eventually modify donor organs. Currently, normo-thermic EVOP allows for assessment of organ function prior to transplantation and is largely focused clinically on lung transplantation. Normo-thermic EVOP allows for potential donor organs to have their function evaluated and the suitability for transplantation assessed [4, 5] . Simple cold storage and hypothermic machine preservation, while appreciably lowering the metabolic rate and increasing preservation times do not allow for optimal assessment of an individual organ. Most of the determinations regarding an organ's function are made pre-procurement and while hypothermia decreases the metabolic rate of the donor organ to 5%-10% of normal, significant anaerobic metabolism continues to take place. Prolonged preservation and marginal donor organ quality can lead to significant delayed graft function or graft non-function in the recipient [3] . At present, there is a multi-institutional clinical trial in the United States to assess the safety and efficacy of ex vivo ung perfusion (EVLP) in clinical transplantation. What's more, EVLP is used clinically in Canada [4] , Australia, and Europe. Ex vivo liver perfusion likewise is in a clinical trial in Europe to assess the feasibility of this approach. A beneficial side effect of EVOP is that organ ischemic times and thus distance between center, donor, and recipient, can be significantly extended.
The potential of ex vivo technology was recently illustrated by the work of Wigfield et al [6] where a marginal lung donor organ was transported from a donor center internationally to the organ repair center at the University of Toronto Lung Transplant Program and then back internationally to the recipient center [6] . This process extended the ischemic time to 15 h and 20 min. In essence, this is the index case for conceptualizing and operationalizing a regional organ ARC approach.
One could envision a time where EVOP would be used as a platform for assessment, repair, and modification of all organs. However, the logistic and financial feasibility of such an approach would likely only allow this technology to be employed when the organs are of marginal quality, of extended donor criteria, or when the best tissue match is in a geographically distinct area.
Each specific organ type has a unique function and as such has a unique set of metabolic demands and metrics for assessing viability. With this approach, organs would optimally be assessed and evaluated in a regional ARC (Figure 1 ). Organs of all types (heart, lung, liver, kidney, intestine and pancreas) that are in geographic proximity to the ARC would be procured and prepared with standard cold static storage. The organs would be transported to the ARC. At the ARC a thorough evaluation of the donor organ takes place, with appropriate repair or regenerative measures employed based on the deficits in function encountered. If the donor organs are deemed to be suitable (or can be made suitable) for transplantation, the organs would then be allocated in a national or international fashion to the most suitable recipient (Figure 2 ). This more broad, detailed, and individualized matching is only possible with the extended preservation (total ischemic time) that EVOP allows. This ability to match more thoroughly and to repair or resuscitate marginal donor organs would potentially improve graft survival and longterm outcomes.
The impact on organ transplant waitlists will be enormous. Even modest increases in organ availability will markedly increase the total number of transplants performed. For example, in lung transplantation in the United States alone, increasing the overall conversion rate from 17% [7] to 32% (an absolute increase of only 15% more organs transplanted) would practically double would be extended. With this extension of total ischemic times, organs would have the opportunity to truly be matched with the recipient who would most benefit from that particular organ at that particular time. Occasionally, the allocation may be the current, traditional approach, where the allocation directly bypasses the ex-vivo assessment at the assessment and repair center and proceed directly to the recipient. (Adapted from Black and Whitson, 2013) [3] . ARC: Assessment and repair center.
Repair the number of transplants performed and eliminates the waiting list. EVLP will have significant impacts by saving the lives of recipients on the waiting list, extending the opportunity for a life-saving and life-extending transplant to patients who currently are not ill enough, and reduce the mortality in transplant recipients.
As the science and technique of organ perfusion and preservation progress, we have the expectation that in the very near future EVOP and regional organ ARCs will serve as the platform for organ repair and modification [8] .
Ex vivo perfusion technology has already been used to repair injured livers and lungs prior to transplantation [4] [5] [6] 8, 9] . In livers, bile duct injury can be mitigated [9] and steatotic livers are able to be de-fatted and thus improve overall organ quality and function [9] . In the lung, edema may be removed, infection cleared, and gas exchange improved [4] . By any measure, organ transplantation is one of the success stories of modern medicine. We will look back on EVOP and the development of regional organ ARCs as a similar milestone where the multidisciplinary approach to a complex problem has allowed innovation to propel our science to new frontiers in the treating endstage organ disease.
